Molecular dynamics simulations were conducted to explore primary damage formation in collision cascades in -TiAl and 2 -Ti 3 Al intermetallic compounds over a wide range of temperature 100K < T < 900K and primary knock-on atom (PKA) energy 5keV < E < 20keV. A series of 48 cascades for each (E ,T) set was simulated to assure statistical reliability of the results. To quantify primary damage, the number of Frenkel pairs in the two intermetallic compounds was found as a function of (E ,T) and compared with elemental metals.
INTRODUCTION
Raising economic and environmental sustainability of power engineering, transport and aerospace industry relies on the creation of new structural and functional materials capable of withstanding harsh operating conditions throughout the whole lifecycle without noticeable degradation of service properties. Despite significant efforts in the development of polymers, composite and ceramic structural materials, they are still far from being competitive with metals in most of demanding engineering applications.
On the other hand, modern steels and alloys have been extensively developed over a past few decades and their capacity for ensuing improvements is nearly exceeded. it is essential to gain a deeper insight into radiation effects in these materials. From the fundamental perspective, Ti-Al intermetallic compounds represent a good model system for studying radiation effects in ordered metallic alloys for future nuclear engineering applications.
Collision cascades are the main source of radiation defects in materials subjected to fast particle irradiation in the nuclear stopping power regime. They are formed by the recoil of primary knock-on atoms (PKA) with the energy of more than ∼1 keV. The cascade process is characterized by the temporal and spatial scale of the order of ps and nm, respectively, which is prohibitive for direct experimental investigation but can be studied by molecular dynamics (MD) simulations.
In the present study, MD simulations were conducted to explore primary damage formation in collision cascades in -TiAl and 2 -Ti 3 Al intermetallic compounds. The employed simulation techniques and approximations are described in the following section. The outcomes of the undertaken MD simulations are provided in the Results and Discussion part of the manuscript and the conclusions are drawn in the final section of the paper.
SIMULATION TECHNIQUE
Displacement of target atoms from their crystallographic positions in collision cascades is the primary process of the interaction of fast particles with crystalline solids exposed to irradiation in the nuclear stopping power regime. During the subsequent relaxation of the collision cascade region, most of the displaced atoms return to equilibrium The semi-empirical interatomic potential [1] based on the embedded atom method (EAM) [2] is employed for evaluation of the interatomic forces in the simulated TiAl intermetallic compounds. The original interatomic potential [1] is not appropriate for studying radiation effects. In order to make it suitable for simulation of collision cascades, at short distances the pair part of Ti -Ti and Al -Al interatomic potentials was modified by fitting to the Biersack-Ziegler-Littmark universal repulsion potential [3, 4] following the procedure proposed in [5] . The experimentally measured threshold displacement energies for aluminium [6, 7] and -titanium [8, 9] were used as fitting parameters. The threshold displacement energies calculated using the modified interatomic potential are compared with available experimental data and simulation results, see Table 1 and the references cited therein for further details. The fitting procedure does not affect the equilibrium lattice parameters, the binding energies, the elastic constants, the vacancy formation energies, etc. of the elemental metals and intermetallic compounds. 
Primary damage formation was studied in collision cascades initiated in -TiAl and MIE-2017 equilibrium lattice parameters were evaluated to fit the zero-pressure value for the selected simulation temperatures. The constant c/a ratios of 1.047 and 1.642 in -TiAl and 2 -Ti 3 Al intermetallics, respectively, were used at all simulated temperatures. The equilibrium lattice parameters at different temperatures are given in Table 2 . MD simulations of collision cascades were conducted at constant number of particles, constant volume and constant energy (NVE ensemble). MD box had close to cubic shape with {100} faces (in the case of -TiAl) or (1100), (1120) and (0001) A series of 48 collision cascades was simulated for each (E , T) set of parameters.
A half of the collision cascades in the series was initiated by aluminium PKAs, and the other half was initiated by titanium PKAs.
The size of MD cell was selected in accordance with the energy of PKA. The approximate number of mobile atoms in MD cells used in this study is provided in Table 3 . During the initial stage of a collision cascade, a small fraction of target atoms is moving with high velocities whereas the rest of the simulated crystal remains in the state of the thermodynamic equilibrium at the selected simulation temperature. Because the convergence of the velocity-Verlet algorithm [11] that is applied in this study depends on the time step evaluated in accordance with the energy of the fastest atom, direct integration of the equations of motion of all atoms in the MD cell would lead to a nonoptimal use of high performance computing (HPC) resources. In order to facilitate calculations and optimise utilisation of HPC facilities, the methodology proposed in [14] is implemented. Energy conservation and the effectiveness of the algorithm based on [14] were tested earlier, and the algorithm itself was employed for MD simulations of radiation damage in copper [15] , -zirconium [16, 17] and studying the interaction of collision cascades with dislocations [18, 19] .
Three different techniques, namely the Lindemann spheres [20] , the Wigner-Seitz cell analysis [21, 22] and cluster analysis [15] were applied to identify residual point defects created in collision cascades. The threshold radius of 0.3a, where a is the equilibrium lattice parameter, was used in the Lindemann spheres, and the radius of the first coordination sphere was used for point defect cluster identification in cluster analysis.
RESULTS AND DISCUSSION
The number of Frenkel pairs N produced in collision cascades is the key characteristic that determines both the radiation tolerance of structural materials and the whole range of radiation-induced and radiation-assisted phenomena. The number of Frenkel pairs in -TiAl and 2 -Ti 3 Al intermetallics is shown in Figures 2 and 3 Despite a noticeable difference in the threshold displacement energy E of aluminium and titanium atoms in the two intermetallic compounds, see Table 1 , the aver- 
CONCLUSION
More than 1900 displacement cascades were simulated in -TiAl and 2 -Ti 3 Al intermetallic compounds over a wide range of temperature, 100K < T < 900K, and PKA energy, 5keV < E < 20keV. The average number of Frenkel pairs ⟨N ⟩ was evaluated in the two intermetallic compounds as a function of (E , T). A simple routine has been suggested to justify the statistical reliability of the obtained quantitative results.
No channelling events were observed under all simulation conditions.
It was established that both -TiAl and 2 -Ti 3 Al possess high radiation tolerance.
Understanding and controlling energy dissipation in intermetallic compounds exposed to fast particle irradiation in the nuclear stopping power regime may pave the way for new design principles of radiation-tolerant structural and functional materials suitable for future nuclear engineering applications.
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